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Evaluation of a biological control agent for musk thistle 
Background 
Musk thistle (Carduus nutans L.) is a serious 
weed found in pastures, roadsides, conserva­
tion reserve acres, and other noncultivated 
areas across Iowa. This weed infests more 
than three million acres in the state. Because 
the state of Iowa classifies musk thistle as a 
noxious weed, landowners must control any 
plants of this species present on their property. 
It is estimated that Iowa farmers spend more 
than $5 million annually to control musk thistle. 
Currently, the primary control method for 
musk thistle involves the use of herbicides. 
A biennial that was accidentally introduced 
into the United States from Europe in the 
1800s, musk thistle emerges in late spring. 
Seedlings produce a basal rosette of leaves 
during the first year of growth. During the 
second season of its life cycle, the plant's stem 
elongates and produces numerous large 
seedheads. Musk thistle reproduces via wind­
blown seed, and a single plant may produce 
more than 10,000 seeds. The weed's leaves 
and stems are spiny, which renders it useless 
as forage and greatly decreases grazing effi­
ciency in pastures. 
A biological control agent, the musk thistle 
weevil (Rhinocyllus conicus FroeL), has 
proven successful in controlling musk thistle 
in several states. This weevil, native to Eu­
rope, was introduced to the United States in 
1969. It has been established in Virginia, 
Montana, and Missouri. 
The adult musk thistle weevil—dark brown 
and 4 to 6 millimeters long, with a short, broad 
snout—overwinters under stones and debris, 
then emerges in mid-May. Weevils feed and 
mate on thistle rosettes, then during bolting 
(flowering) lay eggs on the bracts (leaves) of 
developing flower heads. After hatching, lar­
vae burrow into the seedhead and create a 
chamber in which they remain while feeding 
on developing seeds. Pupation occurs within 
the chamber, and adults remain in the seedhead 
for several weeks prior to emergence. Because 
of the close association between the weevil and 
the seedhead, mowing, spraying, or grazing 
prior to adult emergence may seriously disrupt 
the weevil's life cycle. 
The weevil controls musk thistle not by direct 
feeding injury but by reducing seed produc­
tion. Research in other states has shown that 
significant reductions in musk thistle popula­
tions normally are not observed until at least 
six years following establishment of the musk 
thistle weevil. Research has determined that 
musk thistle weevils will not infest other, de­
sirable plant species. While the musk thistle 
weevil may deposit eggs on other biennial 
thistles, it prefers musk thistle because the 
timing of floral development and mating coin­
cide, whereas other thistles generally flower 
later in the season. 
Although the weevil has been successfully 
established in adjacent states, attempts to in­
troduce it in Iowa in the early 1980s failed to 
establish permanent populations. Probable 
reasons include release on inappropriate sites, 
improper site management, and unrealistically 
high expectations for control. 
Thus, the objective of this study was to achieve 
a better understanding of the adaptability of 
musk thistle weevil to Iowa's environmental 
conditions in order to make the weevil useful 
as a management tool. 
Approach and methods 
The project consisted of two types of studies. 
The first, conducted in Sac County, evaluated 
survival of musk thistle weevils placed in 
cages. The second series of experiments in­
volved monitoring the survival and spread of 
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musk thistle weevils at sites infested with 
musk thistle. 
Sac County cage studies; This work began in 
summer 1990 on land maintained for public 
hunting by the Iowa Department of Natural 
Resources (IE)NR). Site vegetation consists of 
cool-season grasses with a serious musk thistle 
infestation. Lunite mesh cases 1.8 m (meters) 
X 1.8 m X 1.8 m, erected in June, were posi­
tioned so that they each contained at least six 
musk thistle rosettes. Four treatments were 
established; each was replicated six times. 
Treatments were (1) 50 musk thistle adults 
released in cages during 1990; (2) musk thistle 
flower stalks mowed twice annually to prevent 
seed production; (3) a caged control plot, and 
(4) an uncaged control plot. Musk thistle and 
musk thistle weevil populations were moni­
tored for two years following release. 
Sac County release study: A five-acre site 
with a heavy musk thistle infestation near 
Carnarvon was selected for this study. Two-
hundred musk thistle flower heads infested 
with musk thistle weevil pupae were spread by 
hand throughout the site during August 1990. 
Musk thistle and musk thistle weevil popula­
tions were monitored for four years following 
release. 
Mahaska County release study: Two sites 
managed by the IDNR were selected for re­
leases of the musk thistle weevil. In early May 
1991, adult weevils were collected near Co­
lumbia, Missouri; in mid-May, approximately 
700 weevils per location were released by 
placing the adults on musk thistle seedheads. 
Musk thistle and musk thistle weevil popula­
tions were monitored for three years following 
release. 
Taylor County release studies: A local land­
owner cooperated in this work; he received 
funds from the Taylor County Board of Super­
visors in 1990 to purchase musk thistle weevils 
for release at several sites. During summer 
1990, he placed 100 seedheads containing musk 
thistle weevil pupae at eight sites with high 
musk thistle populations. Populations were 
monitored for four years after release. 
Findings 
Sac County cage study: Musk thistle weevil 
populations were estimated on the basis of egg 
masses on seedheads. Musk thistle weevils 
successfully overwintered during both winters 
of this study; 39% and 36% of thistle seedheads 
had at least one egg mass during 1991 and 1992 
respectively. The low percentage of infested 
flower heads is due to the fact that the thistle 
plants produce one to three dominant flower 
heads that produce the majority of the seeds, 
although numerous lateral seedheads can also 
be produced. A plant can produce up to 100 
flower heads, but the lateral ones generally 
appear later in the season and thus miss the 
weevil's egg laying period. Because the domi­
nant seed-producing flowers are the primary 
egg laying sites, seed production is likely re­
duced to a greater degree than these egg mass 
percentages might indicate. 
Egg masses were found on a few plants in other 
treatments, apparently because a small number 
of weevils escaped from the cages. Cages were 
taken down during the winter to prevent dam­
age from snow or hunters using the area. It is 
possible that weevils moved out of the caged 
areas before the cages were erected in the 
spring, or they may have escaped under the 
cage during the summer. 
Although musk thistle populations decreased 
significantly from 1991 to 1992 in cages with 
weevils, there were similar reductions in thistle 
populations in the other caged treatments. The 
cages may have created an environment unfa­
vorable for germination or survival of musk 
thistle seedlings. Thistle populations did not 
change in the control plots with no cages. 
Because of the decline in thistle populations in 
the cage treatments, the study was terminated 
after 1992. Evaluation of the site in 1993 and 
1994 failed to find evidence of musk thistle 
weevils. 
Sac County release study: Musk thistle wee­
vils were successfully established following 
release of pupae during 1990. An average of 
10% and 30% of plants had egg masses during 
1991 and 1992, respectively. However, wee­
vil populations as measured by egg masses 
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declined the following two years, with no egg 
masses observed in 1994. This site was lo­
cated along a creek, and 1993 flooding may 
have contributed to the failed establishment of 
the musk thistle weevil. 
Mahaska County release study: Musk thistle 
weevils were successfully established at both 
locations on land managed by the IDNR. At 
site one, from 54% to 84% of the plants had 
egg masses during the four years after release. 
The rate of infestation was slightly lower at the 
second site. A dramatic drop in musk thistle 
populations was observed at both locations. 
Although the weevils may have been partially 
responsible for this decline, it is believed that 
other unknown factors are involved, since this 
response is much faster than that previously 
observed in other states. 
The percentage of flower heads with egg masses 
declined between 1993 and 1994. This may be 
due to IDNR personnel collecting larvae from 
the two sites and transferring them to other 
locations infested with musk thistle. 
Taylor County release studies: These re­
leases illustrate both the potential and the 
problems of using biological control strategies 
such as the musk thistle weevil. The weevil 
became successfully established at all but one 
location. In 1994, the percentage of plants 
infested with egg masses ranged from 50% to 
95% at the four locations with thistles and 
weevils. Thistle populations did not decline 
due to the presence of weevils during the 
course of this study, but the high rate of infes­
tation should impact the future thistle popula­
tions at several locations. 
A landowner/cooperator in Taylor County se­
lected weevil release sites according to these 
criteria: heavy musk thistle infestation, not 
currently used for grazing, and owner willing­
ness to accept musk thistle populations until 
the weevil could become established and in­
fluence thistle populations. Of the eight initial 
locations, only two still met these criteria at the 
end of the four years. Two of the locations 
were sprayed or put into row crop production 
during 1991; site one was sprayed both in 1992 
and 1994. Sites four and six were used for 
grazing in 1993 and 1994. Musk thistle wee­
vils typically leave areas where animals such 
as cattle are present. 
Site five is owned by the cooperator himself. 
In 1994, a neighbor contacted the Taylor County 
Weed Commissioner to complain about the 
uncontrolled thistles at this site. The Commis­
sioner mowed and sprayed the property de­
spite efforts to provide him with information 
about the project and the successful weevil 
establishment—and despite the fact that the 
project had been approved and weevils pur­
chased by the county's Board of Supervisors. 
Conclusions: Earlier attempts to establish 
musk thistle weevil populations in Iowa were 
not successful, but it was not known whether 
Iowa's climate or poor site selection was re­
sponsible. Thus, this project sought to evalu­
ate weevil survival and spread in a variety of 
release sites. 
Successful establishment of the weevil was 
achieved at most of these sites. In Mahaska 
County, the site is now being used as a nursery 
by the IDNR to develop weevil populations for 
release at other sites. The least successful 
releases were in Sac County, where flooding at 
one location and low initial insect numbers 
released at the cage study site appear to have 
been factors. 
In Taylor County, the musk thistle weevil has 
formed permanent populations at all locations 
Musk thistle weevil 
larvae are shown here 
inside a musk thistle 
seedhead. The black 
area shows the extent 
of the damage to the 
seedhead. 
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that have not been disturbed since release in 
1990. Although all landowners at the release 
sites initially agreed not to disturb the thistles 
for several years, by the end of four years, only 
two sites had been left undisturbed. 
In addition, the Iowa Noxious Weed Law gives 
counties the authority to destroy noxious weeds 
growing on private property if the landowner 
fails to control these plants for any reason, 
including research purposes. This situation 
can present a serious impediment to the imple­
mentation of biological control in cases where 
the control is slow to take effect, particularly 
because the exercise of authority by weed 
commissioners can vary greatly by county. 
Nevertheless, the project showed that musk 
thistle weevil is adapted to Iowa conditions 
and offers an alternative to herbicides for 
controlling the musk thistle. However, the 
weevil will not solve musk thistle problems in 
all situations. Persons involved must under­
stand the limitations of this or any control 
agent before committing to its use. In addition, 
all parties involved should communicate to 
arrive at a common understanding and agree­
ment in efforts to control noxious weeds. 
Implications 
For certain weed problems, including musk 
thistle, herbicides are currently the most eco­
nomical control strategy available for farm­
ers. (However, as indicated earlier, because 
musk thistle weevils appear to avoid live­
stock, they may not be a useful management 
strategy in controlled grazing scenarios.) 
This project demonstrated that musk thistle 
weevil can survive Iowa's climate and offer an 
alternative to herbicides for controlling musk 
thistle. The project expanded interest in bio­
logical control as documented by an increase 
in inquiries about sources of weevils and other 
biological control agents. The IDNR used one 
of the release sites as a weevil nursery; it also 
purchased weevils for release at other sites. 
Finally, the project increased awareness of 
alternatives to herbicides, which should be 
considered in weed management plans. 
This work has been described both in techni­
cal publications and the popular press. The 
benefits of biological control—using musk 
thistle weevils as an example of how depen­
dence on herbicides can be reduced—have 
been discussed at numerous Extension meet­
ings, and field-day plans are under way. 
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